Abstract-This paper investigated a comb-like emulsifier based on amines, fatty acid and maleic anhydride. The emulsion properties and character of the emulsifier were studied by FT-IR. Meanwhile the emulsification properties of the prepared emulsion were evaluated, in terms of separation stability, electrical stability, emulsion stability and thermal stability. Then the resistance properties of synthesized emulsifier to salinity, calcium and water were studied. The results indicated that the structure of comb-like emulsifier was confirmed by FTIR analysis. Optimization of synthesis condition investigations demonstrated that reaction temperature was fixed at 165 ℃ and reaction time was fixed at 16h. For the high-temperature resistance of comb-like emulsifier behaviors, the emulsion-breakage voltage of comb-like emulsifier achieved 821V subsequent to rolled at 220℃ for 16h, while the EZ-MUL surfactant was 353V in the same condition. Overall, the oil-based drilling fluid prepared by the synthesized emulsifier, with excellent resistance of calcium chloride and water properties, was superior to EZ-MUL surfactant as the primary emulsifier. Besides the oil-based drilling fluid, which prepared by the comb-like emulsifier, has excellent rheological and filtration properties under complex conditions. The successful combination of high temperature resistance and emulsion stability makes the comb-like emulsifier potentially applicable in deep well, ultra-deep well and unconventional hydrocarbon resources exploration.
I. INTRODUCTION
Conventional oil and gas resources decrease gradually, so the exploration and development of petroleum begin to drill deep well with a higher request for high-temperature resistance of drilling fluid [1] - [6] . Thermal and inhibitive stability is a critical issue on drilling progress and troubled the drilling fluid engineers and experts all the time especially in the high angle wells, HTHP wells and extended reach wells [7] . 75% of the all footage drilled and 90% of the pipe-sticking problems caused by the shale formation. The oil-based drilling fluids or synthetic-based drilling fluids become characterized by high temperature-tolerance performance and excellent lubrication and inhibitory for shale hydration expansion and an enhanced rate of penetration [8] - [10] . As a consequence, oil-based drilling fluids are widely employed as the preferred choice of mud.
OBM have similar structure, but instead of water, it is constituted by an inverted emulsion of water-in-oil [11] . Water-in-oil emulsions are commonly employed as oil drilling fluids during drilling operations, therefore preventing emulsion breakage is imperative to maintain its viability and safety [12] . Usually in such scenarios the performance of WBM is not satisfactory and OBM must be employed. OBM are known as less sensitive to variations of rheology, density and other chemical physical properties [13] . However, the increase in strict environmental regulations limits the use of diesel based muds as these muds are toxic and disposal of cuttings into the environment is a major issue faced by the drilling industries. To overcome this issue, an attempt has been made to develop oil-in-water emulsion mud system using Jatropha oil [14] .
The mechanism of the comb-like emulsifier with high-temperature resistance is shown in Fig. 1 . The comb-like become characterized by multi-hydrophilic and multi-hydrophobic group, so it has lower interfacial tension in water-in-oil emulsion. Furthermore, with a character of high-temperature resistance of hydrophilic and hydrophobic group for comb-like emulsifier, culminating in the stable properties of emulsion stability under complex conditions.
In the present work, our group synthesized condensation polymer based on fatty acid/amines/ maleic anhydride polymer and controlled emulsion stability by polymerization condition. It be used as high-temperature resistance emulsifier agent to emulsify water and oil in oil-based drilling fluid. The emulsion properties of condensation polymer were characterized by separation stability tests and electric stability tests. 
II. EXPERIMENTAL SECTION

A. Materials
The amines and fatty acid were commercial products from Zhengzhou Alfa chemical company, with a purity of >98%. Maleic anhydride and P-toluene sulfonic acid were purchased from Shanghai Aladdin Bio-chemistry Technology limited company, with the purity were analytically pure. Mineral oil, which was industry grade, was purchased form Sinopec Maoming chemical company. Calcium chloride and other reagents were purchased from domestic reagent company. All the reagents were not purification further.
B. Methods
Synthesis of the comb-like emulsifier. The comb-like emulsifier with high-temperature tolerance was synthesized by condensation neutralization reaction and Diels-Alder addition reaction under the condition of catalyst. Amines(20.4g) was poured into three-necked round-bottomed flask. Then fatty acid(28.2g) was added into flask and oil-water separator was installed and stirred. P-toluene sulfonic acid was poured into flask and increased the temperature to 140℃. Kept in 140℃ for 5min and increased the temperature to 150 ℃ . Kept in 150 ℃ for 5min and increased the temperature to 165℃. Kept in 165℃ for 12h. Calculating the volume of water generated from the reaction. Then cooling the temperature to 60℃ and maleic anhydride (9.8g) was added into the flask and increased the temperature to 85℃ and the reaction kept for 12h. The product was cooled at room temperature. Then the product was purified by ethanol under Rotary evaporator. The resulting product was poured into storage containers.
Preparation of emulsion. The brine was made of deionized water and calcium chloride at a concentration of 30%. The oil-based fluid was made of brine and mineral oil with a ratio of oil to water 9:1. The emulsifier was added at concentration of 2wt% to the mineral oil and stirring for 20min at high speed of 5000 rpm and then the brine was added to the solution and stirring for 1h at high speed of 10,000 rpm.
Preparation of oil-based drilling fluid. The emulsions with a ratio of oil to water 9:1 were prepared, and then the auxiliary treatment agents were added successively, such as 2wt% of the viscosifier, 4wt% wetting agent ,1.5wt% loss control agent and 3wt% CaO, and then 200wt% to 400wt% barite were added respectively as OBM at four kinds of density and stirring for 1h at high speed of 10,000 rpm.
Emulsion stability tests. Emulsion electrical stability was measured according to American Petroleum Institute (API) specifications and Chinese GB/T 16782-1997. The breakage voltage of emulsion stability was measured by Fann23D (American FANN company). Fann23D electrical stability tester (FANN Instrument Company, USA) can measure the stability of the emulsion. The electrode was placed in the test solution, and then the emulsion breakage voltage value could be read out from the device, and then repeated 5 times for the average.
Emulsion separation stability. Demixing phenomena, such as sedimentation, flotation or consolidation were directly measured by the Multi-Wavelength Separation Analyser LUMireader PSA. The sample cell was illuminated by a multicolor light source(I0), including one near infrared wavelength. Behind the sample cell the transmitting light I was detected using a CCD-line (number of elements and pitch distance see Fig. 2 ). Transmission was converted into extinction by ln(I/I 0 ).
Anti-temperature property tests. Aging experiments of oil-based fluid were carried out in a GW300-type frequency conversion rolling oven (Qingdao Jiaonan Tong Chun Machinery Plant, China) through hot rolling at appointed temperature (120℃, 150℃, 180℃, 200℃,220℃). Emulsion breakage voltage was measured before and after the thermal aging experiments.
Filtration property tests. Filtration property tests were measured according to American Petroleum Institute(API) and Chinese GB/T 16782-1997. The high temperature high pressure(HTHP) filtrate volume of the oil-based drilling fluid was determined with GGS42 HTHP filtration apparatus (Qingdao Tong Chun Petroleum Machinery Corporation, China). A volume of oil-based drilling fluid was load on the filter press equipped with a filter paper and fixed pressure in 3.5MPa. Over time, filter cake is formed on the filter paper and the filtration volume is double of fluids volume produced by the apparatus in 30 minutes.
FT-IR tests. The comb-like emulsifier with purification reduced pressure distillation with acetone were recorded by acetone were recorded by Magna-IR560 spectrometer with the resolution 4cm -1 and the wavenumber range 4000-400cm -1 (Nicolet, USA). 
III. RESULTS AND DISCUSSION
A. Characterization
An amount of comb-like emulsifier exist in emulsion. To emulsify water and oil, it is requirement to obtain an emulsifier with high-temperature resistance. Fig. 3 shows FT-IR spectra of comb-like emulsifier under the best optimum synthesis condition. 3304cm -1 was N-H stretching band. 2854cm -1 was C-H stretching band.1713.6cm -1 was
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-1 was C-O stretching band. The results exhibited that the condensation polymer emulsifier was aliphatic amine/oleic acid/anhydride comb-like emulsifier.
B. Optimization of Synthesis Condition
Comb-like emulsifier was synthesized at fixed rate of monomers and initiators, and changed reaction temperature and reaction time. The comb-like emulsifier was synthesized by condensation polymerization. Fig. 4 indicates the changes of filtration volume and emulsion-breakage voltage with reaction temperature. Emulsion-breakage voltage increased with reaction temperature, but emulsion-breakage voltage increased slightly over 165 °C. Filtration volumes were declined then climbed up and up to lowest value at 165 °C. Emulsion-breakage voltage subsequent to emulsifier was low at lower reaction temperature, indicating the yield of emulsifier was too low due to large filtration volume. Integrated into account, reaction temperature was fixed at 165 °C. Fig. 4 and Fig. 5 show change of filtration volumes and emulsion-breakage voltage with reaction time. Emulsion-breakage voltage was almost stable and was kept about 880V.The range of filtration volumes were from 4.0mL to 8.8mL, showing excellent fluid loss agent performance. Taking into consideration various factors, reaction time was fixed at 16h. Comb-like emulsifier was synthesized at optimization reaction condition.
C. Property Evaluations
As presented in Fig. 6 and Fig. 7 comb-like emulsifier dramatically increased emulsion-breakage voltage of emulsion fluids prepared by it and filtration volumes reduced with the addition of emulsifier. It further proved that the comb-like emulsifier effectively promoted stability by reducing the interfacial tension between water and oil and has excellent emulsifying as well as wetting ability. The property was according to convention emulsifier agent. EZ-MUL was a kind of anionic surfactant which was widely applied in oil field as emulsifier agent. But better high-temperature resistance of comb-like emulsifier promoted their application in extraordinarily high temperature and other complex condition ( Fig. 8 and Fig. 9 ). Emulsion-breakage voltage of EZ-MUL surfactant was 353V subsequent to rolled at 220℃ for 16h, and it was approximately one third than at room temperature. Emulsion-breakage voltage of EZ-MUL reduced quickly over 220℃，indicating that the drop of emulsifying controllability of EZ-MUL over 220 ℃ . Compared with EZ-MUL, the addition of comb-like emulsifier resulted in higher emulsion-breakage voltage and lower filtration volume. Emulsion-breakage voltage of comb-like emulsifier achieved 821V and filtration volume was only 4.2mL subsequent to rolled at 220℃ for 16h. The experiment results shown that the property of resistance-temperature of comb-like emulsifier was superior to EZ-MUL. As presented in Fig. 10 and Fig. 11 . Filtration volumes of comb-like emulsifier and EZ-MUL were stable in calcium chloride concentration from 0 to 5wt%. Filtration volume of EZ-MUL was inferior to comb-like emulsifier, but the difference was nearly small. Anti-calcium chloride property was considered as equally. Resistance-water property was also investigated as presented in Fig. 12, Fig. 13 and Fig. 14 . Emulsion-breakage voltage as well as apparent viscosity of comb-like emulsifier and EZ-MUL were unstable in water concentration from 0 to 25wt%. Apparent viscosity of EZ-MUL was up to 82mPa· s subsequent to 25wt% water concentration contaminated, and it was approximately 2 times prior to invading of water. Meanwhile, emulsion-breakage voltage of EZ-MUL reduced more significantly than comb-like emulsifier subsequent to 25wt% water concentration contaminated, and it was only 113V. Separation stability of comb-like emulsifier also investigated as presented in Fig. 15 and Fig. 16 . Transmission of emulsion prepared by comb-like emulsifier and EZ-MUL with the oil-water ratio of 80:20 were stable in different position. The results exhibited that the property of separation stability of comb-like emulsifier and EZ-MUL was equally. Resistance-calcium chloride property was considered as equally as well. Separation stability property was equally, but resistance-high temperature and resistance-water properties of comb-like emulsifier was superior to EZ-MUL, showing comb-like emulsifier can replace EZ-MUL as emulsifier agent in oil field. 
D. Mechanism Analysis
Gemini surfactant has higher surface activity than Single molecule surfactant and its critical-micelle-concentration is one percent of the original. Comparing with Gemini surfactant, comb-like emulsifier has more hydrophobic chain which became characterized by effect of surface tension. Hence comb-like was more and more taken seriously in oil filed (Fig. 17) . Bridging groups has important effect on activity of comb-like surfactant. Normally, with well flexibility and strong hydrophilicity and appropriate bending on the interface for bridging groups, culminating in packing tighter and lowering interface tension for comb-like emulsifier. Furthermore, comb-like emulsifier has eminent synergistic effect when employed with other surfactants. 
IV. CONCLUSION
In summary, we optimized synthesis conditions based on emulsion breakage-voltage and filtration volumes of 2wt% comb-like emulsifier in water-in-oil emulsion fluids. In optimal synthesis condition we characterized the structure of comb-like emulsifier became by FT-IR. The results showed that the emulsion properties of condensation polymer were characterized by separation stability tests and electric stability tests. Then the resistance properties of synthesized emulsifier to salinity, calcium and water were studied. The prepared emulsifier also has excellent rheological and filtration properties under complex conditions. The interaction mechanism of comb-like emulsifier was studied, and the results showed comb-like emulsifier with well flexibility and strong hydrophilicity and appropriate bending on the interface for bridging groups has eminent emulsion ability. Furthermore, it was shown that the comb-like emulsifier has eminent synergistic effect when employed with other surfactants. The evaluation methods for emulsion property and synthesis of comb-like emulsifier were two key factors. The next work is in progress.
